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(57) ABSTRACT

A backflow prevention device includes at least one backflow
prevention unit. The backflow prevention unit includes a
frame, a first edge shutter plate, a second edge shutter plate
and plural intermediate shutter plates. The frame includes an
airflow channel. If the first inner sidewall is disposed over the
second inner sidewall, the first edge shutter plate and the
plural intermediate shutter plates are configured to open or
close the airflow channel, and the slab of the second edge
shutter plate is inactive. Whereas, if the second inner sidewall
is disposed over the first inner sidewall, the second edge
shutter plate and the plural intermediate shutter plates are
configured to open or close the airflow channel, and the slab
of the first edge shutter plate is inactive.

15 Claims, 8 Drawing Sheets
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1
BACKFLOW PREVENTION DEVICE AND
FAN ASSEMBLY

FIELD OF THE INVENTION

The present invention relates to a backflow prevention
device, and more particularly to a backflow prevention device
for preventing backflow when the backflow prevention device
stands upright or upside-down. The present invention also
relates to a fan assembly having such a backflow prevention
device.

BACKGROUND OF THE INVENTION

With increasing development of science and technology, a
variety of power supply apparatuses or electronic devices are
developed toward minimization, high integration and high
power. As known, the natural convection is insufficient to
remove the heat that is generated by the electronic compo-
nents. If the heat fails to be effectively dissipated away, the
elevated operating temperature may result in damage,
reduced use life or deteriorated performance of the electronic
components. For effectively removing the heat, the power
supply apparatus or the electronic device should be equipped
with a forced convection mechanism to exhaust the heat to the
ambient air.

Conventionally, the forced convection mechanism of the
power supply apparatus or the electronic device uses one or
more fan units to drive airflow. For example, plural fan units
are arranged side by side and accommodated within the cas-
ing of the power supply apparatus to drive the airflow in order
to exhaust the heat to the ambient air. Generally, the conven-
tional fan assembly comprises plural fan units and plural
backflow prevention units corresponding to respective fan
units. In a case that a fan unit is normally operated, plural
shutter plates of a corresponding backflow prevention unit are
rotated to a first position. Meanwhile, the airflow channel of
the backflow prevention unit is opened, and the heat is
exhausted to the ambient air through the airflow channel.
Whereas, in a case that the fan unit is disabled or has a
breakdown, the plural shutter plates of the corresponding
backflow prevention unit are rotated to a second position.
Meanwhile, the airflow channel of the backflow prevention
unit is closed to prevent backflow. In such way, the drawbacks
resulting from the backflow (e.g. low flow rate of the airflow
within the casing, low heat-dissipating efficiency, etc.) will be
solved.

Moreover, the conventional backflow prevention units are
usually classified into two types, i.e. an active backflow pre-
vention unit and a passive backflow prevention unit. The
active backtflow prevention unit uses a flow rate detector and
a controller to automatically control the open/close statuses
of plural shutter plates of the backflow prevention unit.
According to the enabling/disabling status of the correspond-
ing fan unit, the airflow channel of the corresponding back-
flow prevention unit is opened or closed. The passive back-
flow prevention unit uses gravity forces of the shutter plates
(or springs) and the airflow pressure exerted on the shutter
plates to control the open/close statuses of the shutter plates of
the backflow prevention unit. According to the enabling/dis-
abling status of the corresponding fan unit, the airflow chan-
nel of the corresponding backflow prevention unit is opened
or closed.

However, since the active backflow prevention unit needs
an additional detector and a complicated controlling circuit,
the cost and complexity are higher than the passive backflow
prevention unit. Moreover, since the passive backflow pre-
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2

vention unit needs plural springs and a position-confining
mechanism to open or close the shutter plates, the configura-
tions and cost of the passive backflow prevention unit are still
high. Moreover, depending on the system layout, the power
supply apparatus or the electronic device may be placed
upright or upside down. In a case that the conventional back-
flow prevention unit is placed upright, the backflow preven-
tion unit is effective to prevent backflow. Whereas, in a case
that the conventional backflow prevention unit is placed
upside down, the rotations of the shutter plates may be hin-
dered by each other. In addition, since the airflow channel
failed to be completely sheltered by the shutter plates when
the backflow prevention unit is placed upside down, there is
usually an air gap between adjacent shutter plates. Due to the
air gap, if the fan unit is disabled or has a breakdown, the
airflow channel is not completely closed. Under this circum-
stance, a short-circulation problem of the airflow occurs, and
thus the heat-dissipating efficiency of the overall system is
impaired.

SUMMARY OF THE INVENTION

The present invention provides a backflow prevention
device capable of preventing backflow when the backflow
prevention device stands upright or upside-down, thereby
enhancing the flexibility of using the backflow prevention
device.

The present invention also provides a backflow prevention
device with simplified configurations and cost-effectiveness,
in which the rotations of the shutter plates are not hindered by
each other and the occurrence of the air gap is minimized or
eliminated.

In accordance with an aspect of the present invention, there
is provided a backflow prevention device. The backflow pre-
vention device includes at least one backtlow prevention unit.
The backflow prevention unit includes a frame, a first edge
shutter plate, a second edge shutter plate and plural interme-
diate shutter plates. The frame includes an airflow channel, a
first extension wall and a second extension wall. The airflow
channel has an inner surface, and the inner surface includes a
firstinner sidewall and a second inner sidewall. The first inner
sidewall and the second inner sidewall are opposed to each
other, and the first extension wall and the second extension
wall are connected to the side edges of the first inner sidewall
and the second inner sidewall, respectively. The first edge
shutter plate, the second edge shutter plate and the plural
intermediate shutter plates disposed within the airflow chan-
nel of the frame. The first edge shutter plate is arranged
adjacent to the first inner sidewall, the second edge shutter
plateis arranged adjacent to the second inner sidewall, and the
plural intermediate shutter plates are arranged between the
first edge shutter plate and the second edge shutter plate. Each
of the shutter plates has a rotating shaft pivotally coupled to
the inner surface and a slab rotatable with respect to the
rotating shaft. If the first inner sidewall is disposed over the
second inner sidewall, the first edge shutter plate and the
plural intermediate shutter plates are configured to open or
close the airflow channel, and the second extension wall is
configured to prevent the airflow from flowing through the
space between the second edge shutter plate and the second
inner sidewall. Whereas, if the second inner sidewall is dis-
posed over the first inner sidewall, the second edge shutter
plate and the plural intermediate shutter plates are configured
to open or close the airflow channel, and the first extension
wall is configured to prevent the airflow from flowing through
the space between the first edge shutter plate and the first
inner sidewall.
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In accordance with another aspect of the present invention,
there is provided a fan assembly. The fan assembly includes at
least one fan unit and a backflow prevention device. The fan
unit is used for driving an airflow and includes a fan casing
and a blade. The backflow prevention device includes at least
one backflow prevention unit. The backflow prevention unit is
aligned with a corresponding fan unit. The backflow preven-
tion unit includes a frame, a first edge shutter plate, a second
edge shutter plate and plural intermediate shutter plates. The
frame includes an airflow channel. The airflow channel has an
inner surface, and the inner surface includes a first inner
sidewall and a second inner sidewall. The first inner sidewall
and the second inner sidewall are opposed to each other. The
first edge shutter plate, the second edge shutter plate and the
plural intermediate shutter plates are disposed within the
airflow channel of the frame. The first edge shutter plate is
arranged adjacent to the first inner sidewall, the second edge
shutter plate is arranged adjacent to the second inner sidewall,
and the plural intermediate shutter plates are arranged
between the first edge shutter plate and the second edge
shutter plate. Each of the shutter plates has a rotating shaft
pivotally coupled to the inner surface and a slab rotatable with
respect to the rotating shaft. If the backflow prevention unit is
placed in a first orientation, the first edge shutter plate and the
plural intermediate shutter plates are configured to open or
close the airflow channel, and the slab of the second edge
shutter plate is inactive. Whereas, if the backtflow prevention
unit is placed in a second orientation reverse to the first
orientation, the second edge shutter plate and the plural inter-
mediate shutter plates are configured to open or close the
airflow channel, and the slab of the first edge shutter plate is
inactive.

The above contents of the present invention will become
more readily apparent to those ordinarily skilled in the art
after reviewing the following detailed description and accom-
panying drawings, in which:

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1A and 1B are schematic exploded views illustrating
a backflow prevention device according to an embodiment of
the present invention and taken along different viewpoints;

FIGS. 2A and 2B are schematic assembled views illustrat-
ing the backflow prevention device of FIGS. 1A and 1B,
respectively;

FIGS. 3A and 3B are schematic cross-sectional views illus-
trating the operations of the backflow prevention device of
FIG. 2, in which the backflow prevention device is placed in
a first orientation;

FIGS. 4A and 4B are schematic cross-sectional views illus-
trating the operations of the backflow prevention device of
FIG. 2, in which the backflow prevention device is placed in
a second orientation;

FIG. 5 is a schematic view illustrating a fan assembly with
a backflow prevention device according to an embodiment of
the present invention;

FIG. 6 is a schematic exploded view illustrating a power
supply apparatus with a fan assembly according to an
embodiment of the present invention; and

FIG. 7 is a schematic exploded view illustrating a power
supply apparatus with a fan assembly according to another
embodiment of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

The present invention will now be described more specifi-
cally with reference to the following embodiments. It is to be
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noted that the following descriptions of preferred embodi-
ments of this invention are presented herein for purpose of
illustration and description only. It is not intended to be
exhaustive or to be limited to the precise form disclosed.

FIGS. 1A and 1B are schematic exploded views illustrating
a backflow prevention device according to an embodiment of
the present invention and taken along different viewpoints.
FIGS. 2A and 2B are schematic assembled views illustrating
the backflow prevention device of FIGS. 1A and 1B, respec-
tively. Please refer to FIGS. 1A and 1B and FIGS. 2A and 2B.
The backflow prevention device 1 comprises one or more
backflow prevention units 10. In this embodiment, the back-
flow prevention device 1 comprises two backflow prevention
units 10, including a first backflow prevention unit 10A and a
second backflow prevention unit 10B. Each backflow preven-
tion unit 10 comprises a frame 11 and plural shutter plates 12.
The frame 11 has an airflow channel 13. The airflow channel
13 has an inner surface 14. The inner surface 14 comprises a
first inner sidewall 141, a second inner sidewall 142, a third
inner sidewall 143 and a fourth inner sidewall 144. The first
inner sidewall 141 and the second inner sidewall 142 are
opposed to each other. The third inner sidewall 143 is
arranged adjacent to the first inner sidewall 141 and the sec-
ond inner sidewall 142. The fourth inner sidewall 144 is
arranged adjacent to the first inner sidewall 141 and the sec-
ond inner sidewall 142. The third inner sidewall 143 and the
fourth inner sidewall 144 are opposed to each other. The
frame 11 further includes a first extension wall 147 and a
second extension wall 148. The first extension wall 147 and
the second extension wall 148 are adjacent and connected to
the side edges of the first inner sidewall 141 and the second
inner sidewall 142, respectively. Preferably, the first exten-
sion wall 147 and the second extension wall 148 are vertically
connected to the first inner sidewall 141 and the second inner
sidewall 142, respectively.

The plural shutter plates 12 comprise a first edge shutter
plate 121, a second edge shutter plate 122 and plural inter-
mediate shutter plates 123. These shutter plates 12 are dis-
posed within the airflow channel 13 of the frame 11. The first
edge shutter plate 121 is arranged adjacent to the first inner
sidewall 141 and the first extension wall 147. The second edge
shutter plate 122 is arranged adjacent to the second inner
sidewall 142 and the second extension wall 148. The plural
intermediate shutter plates 123 are arranged between the first
edge shutter plate 121 and the second edge shutter plate 122.
The first extension wall 147 is configured to prevent the
airflow from flowing through the space between the first edge
shutter plate 121 and the first inner sidewall 141, and the
second extension wall 148 is configured to prevent the airflow
from flowing through the space between the second edge
shutter plate 122 and the second inner sidewall 142. The first
edge shutter plate 121, the second edge shutter plate 122 and
the plural intermediate shutter plates 123 have respective
rotating shafts 1211, 1221 and 1231 and respective slabs
1212, 1222 and 1232. The rotating shafts 1211, 1221 and
1231 are pivotally coupled with the inner surface 14. The
slabs 1212, 1222 and 1232 are rotatable with respect to the
rotating shafts 1211, 1221 and 1231, respectively. In this
embodiment, the structures of the first edge shutter plate 121,
the second edge shutter plate 122 and the plural intermediate
shutter plates 123 are identical.

In some embodiments, the third inner sidewall 143 and the
fourth inner sidewall 144 have plural pivotal holes 145 and
146, respectively. The pivotal holes 145 of the third inner
sidewall 143 and the pivotal holes 146 of the fourth inner
sidewall 144 are respectively aligned with each other. The
firstends 12114, 1221a and 1231a of the rotating shafts 1211,
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1221 and 1231 of the shutter plates 121, 122 and 123 are
inserted into respective pivotal holes 145 of the third inner
sidewall 143. The second ends 12115,12215and 12315 ofthe
rotating shafts 1211, 1221 and 1231 of the shutter plates 121,
122 and 123 are inserted into respective pivotal holes 146 of
the fourth inner sidewall 144.

In some embodiments, a first bulge 1431 and a second
bulge 1432 are formed on the third inner sidewall 143; and a
third bulge 1441 and a fourth bulge 1442 are formed on the
fourth inner sidewall 144. The first bulge 1431 and the third
bulge 1441 are arranged adjacent to the first inner sidewall
141 for facilitating the intermediate shutter plate 143 next to
the first edge shutter plate 121 to stop airflow. The second
bulge 1432 and the fourth bulge 1442 are arranged adjacent to
the second inner sidewall 142 for facilitating the intermediate
shutter plate 143 next to the second edge shutter plate 122 to
stop airflow.

FIGS. 3A and 3B are schematic cross-sectional views illus-
trating the operations of the backflow prevention device of
FIG. 2, in which the backflow prevention device is placed in
a first orientation. FIGS. 4A and 4B are schematic cross-
sectional views illustrating the operations of the backflow
prevention device of FIG. 2, in which the backflow prevention
device is placed in a second orientation. Please refer to FIGS.
1A and 1B, FIGS. 2A and 2B, FIGS. 3A and 3B and FIGS. 4A
and 4B. The rotating shaft 1211 of the first edge shutter plate
121 and the rotating shaft 1221 of the second edge shutter
plate 122 are respectively adjacent to both of the first inner
sidewall 141 and the first extension wall 147 and both of the
second inner sidewall 142 and the second extension wall 148.
The distance between the rotating shaft 1211 of the first edge
shutter plate 121 and the first inner sidewall 141 is substan-
tially equal to the distance between the rotating shaft 1221 of
the second edge shutter plate 122 and the second inner side-
wall 142. The distances between the rotating shafts 1211,
1221 and 1231 of every two adjacent shutter plates 121, 122
and 123 is shorter than the widths W of the slabs 1212, 1222,
1232 of respective shutter plates 121, 122 and 123. Conse-
quently, when the airflow channel 113 is closed by the plural
shutter plates 12, no air gap is generated.

In this embodiment, the distance D1 between the rotating
shafts 1231 of every two adjacent intermediate shutter plates
123 is equal. The distance D2 between the rotating shaft 1211
of the first edge shutter plate 121 and the rotating shaft 1231
of'a neighboring intermediate shutter plate 123 is shorter than
the distance D1 between the rotating shafts 1231 of every two
adjacent intermediate shutter plates 123. In addition, the dis-
tance D3 between the rotating shaft 1221 of the second edge
shutter plate 122 and the rotating shaft 1231 of a neighboring
intermediate shutter plate 123 is shorter than the distance D1
between the rotating shafts 1231 of every two adjacent inter-
mediate shutter plates 123.

In a case that the first inner sidewall 141 of the frame 11 of
the backflow prevention unit 10 is disposed over the second
inner sidewall 142, the backflow prevention unit 10 is placed
in a first orientation (or the backtflow prevention unit 10 stands
upright). Meanwhile, the first edge shutter plate 121 and the
plural intermediate shutter plates 123 are configured to open
or close the airflow channel 13. In addition, the slab 1222 of
the second edge shutter plate 122 is contacted with the second
inner sidewall 142. Under this circumstance, the slab 1222 of
the second edge shutter plate 122 is inactive. In response to an
airflow pressure, the first edge shutter plate 121 and the plural
intermediate shutter plates 123 are rotated in the clockwise
direction and thus the airflow channel 13 is opened. The
second extension wall 148 is configured to prevent the airflow
from flowing through the space between the second edge
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6

shutter plate 122 and the second inner sidewall 142 so that the
slab 1222 of the second edge shutter plate 122 is inactive (see
FIG. 3A). Whereas, in a case that the airflow pressure exerted
on the first edge shutter plate 121 and the plural intermediate
shutter plates 123 is eliminated, the gravity forces cause the
first edge shutter plate 121 and the plural intermediate shutter
plates 123 to be rotated in the anti-clockwise direction, and
thus the airflow channel 13 is closed (see FIG. 3B). Moreover,
since the distance D3 between the rotating shaft 1221 of the
second edge shutter plate 122 and the rotating shaft 1231 ofa
neighboring intermediate shutter plate 123 is shorter than the
distance D1 between the rotating shafts 1231, if the airflow
pressure exerted on the first edge shutter plate 121 and the
plural intermediate shutter plates 123 is eliminated, an first
included angle 61 is defined between the second edge shutter
plate 122 and the neighboring intermediate shutter plate 123.
Preferably, the first included angle 61 is an acute angle. Due
to the first included angle 61, if the backflow prevention unit
10 stands upside down, the rotation of the second edge shutter
plate 122 will not be hindered by the neighboring intermedi-
ate shutter plate 123. Moreover, the second bulge 1432 and
the fourth bulge 1442 may facilitating the intermediate shut-
ter plate 143 next to the second edge shutter plate 122 to stop
airflow.

Whereas, in a case that the second inner sidewall 142 of the
frame 11 of the backflow prevention unit 10 is disposed over
the first inner sidewall 142, the backflow prevention unit 10 is
placed in a second orientation (or the backflow prevention
unit 10 stands upside down). Meanwhile, the second edge
shutter plate 122 and the plural intermediate shutter plates
123 are configured to open or close the airflow channel 13. In
addition, the slab 1212 of the first edge shutter plate 121 is
contacted with the first inner sidewall 141. Under this circum-
stance, the slab 1212 of the first edge shutter plate 121 is
inactive. In response to an airflow pressure, the second edge
shutter plate 122 and the plural intermediate shutter plates
123 are rotated in the clockwise direction and thus the airflow
channel 13 is opened. The first extension wall 147 is config-
ured to prevent the airflow from flowing through the space
between the first edge shutter plate 121 and the first inner
sidewall 141 so that the slab 1212 of the first edge shutter plate
121 is inactive (see FIG. 4A). Whereas, in a case that the
airflow pressure exerted on the second edge shutter plate 122
and the plural intermediate shutter plates 123 is eliminated,
the gravity forces cause the second edge shutter plate 122 and
the plural intermediate shutter plates 123 to be rotated in the
anti-clockwise direction, and thus the airflow channel 13 is
closed (see FIG. 4B). Moreover, since the distance D2
between the rotating shaft 1211 of the first edge shutter plate
121 and the rotating shaft 1231 of a neighboring intermediate
shutter plate 123 is shorter than the distance D1 between the
rotating shafts 1231, if the airflow pressure exerted on the
second edge shutter plate 122 and the plural intermediate
shutter plates 123 is eliminated, an second included angle 62
is defined between the first edge shutter plate 121 and the
neighboring intermediate shutter plate 123. Preferably, the
second included angle 62 is an acute angle. Due to the second
included angle 02, if the backflow prevention unit 10 stands
upside down, the rotation of the first edge shutter plate 123
will not be hindered by the neighboring intermediate shutter
plate 123. Moreover, the first bulge 1431 and the third bulge
1441 may facilitate the intermediate shutter plate 143 next to
the first edge shutter plate 122 to stop airflow.

Please refer to FIGS. 1A and 1B and FIGS. 2A and 2B
again. In this embodiment, the backflow prevention device 1
comprises a first backflow prevention unit 10A and a second
backflow prevention unit 10B. The structures of the first back-
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flow prevention unit 10A and the second backflow prevention
unit 10B are identical. The first backflow prevention unit 10A
and the second backflow prevention unit 10B are connected
with each other. Preferably, the first backflow prevention unit
10A and the second backflow prevention unit 10B are inte-
grally formed. Moreover, the backflow prevention device 1
further comprises a supporting member 15. The supporting
member 15 is arranged between the first backtflow prevention
unit 10A and the second backflow prevention unit 10B for
supporting a circuit board 16. It is preferred that plural light-
emitting elements 17 are mounted on the circuit board 16.

FIG. 5 is a schematic view illustrating a fan assembly with
a backflow prevention device according to an embodiment of
the present invention. As shown in FIG. 5, the fan assembly 3
comprises a backflow prevention device 1 and plural fan units
2. The backflow prevention device 1 comprises a first back-
flow prevention unit 10A and a second backtlow prevention
unit 10B. The plural fan units 2 comprise a first fan unit 21 and
a second fan unit 22. The first fan unit 21 and the second fan
unit 22 are configured to drive the airflow. Each of'the first fan
unit 21 and the second fan unit 22 includes a fan casing 21a,
22aand ablade 215, 22b. In this embodiment, the first fan unit
21 and the second fan unit 22 are connected with each other
and stand side by side. The first backflow prevention unit 10A
and the first fan unit 21 are separated and aligned with each
other, and the second backflow prevention unit 10B and the
second fan unit 22 are separated and aligned with each other.
Consequently, the airflow channels of the first backflow pre-
vention unit 10A and the second backflow prevention unit
10B are opened when the first fan unit 21 and the second fan
unit 22 are respectively enabled to drive the airflow. Whereas,
the airflow channels of'the first backtflow prevention unit 10A
and the second backtlow prevention unit 10B are closed when
the first fan unit 21 and the second fan unit 22 are respectively
disabled. In such way, the short-circulation problem of the
airflow will be avoided. In this embodiment, the first fan unit
21 and the second fan unit 22 are axial-flow fans or non-axial-
flow fans (e.g. blowers).

FIG. 6 is a schematic exploded view illustrating a power
supply apparatus with a fan assembly according to an
embodiment of the present invention. Please refer to FIGS. 5
and 6. The power supply apparatus 6 comprises a casing 4, a
circuit carrier board 5 and a fan assembly 3. The casing 4 has
a receptacle 41, an airflow inlet 42 and an airflow outlet 43.
The circuit carrier board 5 is accommodated within the recep-
tacle 41 of the casing 4. In this embodiment, a power conver-
sion circuit (not shown) is mounted on the circuit carrier
board 5 for converting an input voltage into an output voltage
requiring for powering a load. The fan assembly 3 is also
accommodated within the receptacle 41 of the casing 4. The
airflow channels of the first backflow prevention unit 10A and
the second backflow prevention unit 10B are aligned with the
airflow outlet 43 of the casing 4.

Please refer to FIGS. 1A and 1B, FIGS. 3A and 3B, FIG. 5
and FIG. 6 again. In a case that the power supply apparatus 6,
the fan assembly 3 and the backflow prevention device 1 are
placed in the first orientation (i.e. the first inner sidewall 141
is disposed over the second inner sidewall 142) and the first
fan unit 21 and the second fan unit 22 are enabled to drive the
airflow, the airflow channels 13 are opened in response to the
airflow pressure exerted on the first edge shutter plates 121
and the plural intermediate shutter plates 123 of the first
backflow prevention unit 10A and the second backflow pre-
ventionunit 10B (see FIG. 3A). Consequently, the airflow can
be exhausted from the airflow outlet 43 of the casing 4. Under
this circumstance, the second edge shutter plates 122 of the
first backtflow prevention unit 10A and the second backflow
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prevention unit 10B may be considered as dummy plates due
to that the second extension wall 148 can prevent the airflow
from flowing through the space between the second edge
shutter plate 122 and the second inner sidewall 142. More-
over, the slabs 1222 of the second edge shutter plates 122 are
contacted with the second inner sidewalls 142, and the second
edge shutter plates 122 are inactive.

Moreover, in a case that the first fan unit 21 is disabled or
has a breakdown but the second fan unit 22 is enabled to drive
the airflow, the airflow channel 13 of the first backflow pre-
vention unit 10A is closed due to the gravity forces of the first
edge shutter plate 121 and the plural intermediate shutter
plates 123. Under this circumstance, the second edge shutter
plate 122 of the first backflow prevention unit 10A is consid-
ered as a dummy plate. The slab 1222 of the second edge
shutter plate 122 is contacted with the second inner sidewall
142, and the second edge shutter plates 122 are inactive (see
FIG. 3B). Whereas, the airflow channel 13 of the second
backflow prevention unit 10B is opened in response to the
airflow pressure exerted on the first edge shutter plate 121 and
the plural intermediate shutter plate 123. Consequently, the
airflow can be exhausted from the airflow outlet 43 of the
casing 4. Under this circumstance, the second edge shutter
plate 122 of the second backflow prevention unit 10B is also
considered as a dummy plate due to that the second extension
wall 148 can prevent the airflow from flowing through the
space between the second edge shutter plate 122 and the
second inner sidewall 142. The slab 1222 of the second edge
shutter plate 122 is contacted with the second inner sidewall
142, and the second edge shutter plates 122 are inactive (see
FIG. 3A).

Please refer to FIGS. 1A and 1B, FIGS. 4A and 4B, FIG. 5
and FIG. 6 again. In a case that the power supply apparatus 6,
the fan assembly 3 and the backflow prevention device 1 are
placed in the second orientation reverse to the first orientation
(i.e. the second inner sidewall 142 is disposed over the first
inner sidewall 141) and the first fan unit 21 and the second fan
unit 22 are enabled to drive the airflow, the airflow channels
13 are opened in response to the airflow pressure exerted on
the first edge shutter plates 121 and the plural intermediate
shutter plates 123 of the first backflow prevention unit 10A
and the second backflow prevention unit 10B (see FIG. 4A).
Consequently, the airflow can be exhausted from the airflow
outlet 43 of the casing 4. Under this circumstance, the first
edge shutter plates 121 of the first backflow prevention unit
10A and the second backflow prevention unit 10B may be
considered as dummy plates due to that the first extension
wall 147 can prevent the airflow from flowing through the
space between the first edge shutter plate 121 and the first
inner sidewall 141. Moreover, the slabs 1212 of the first edge
shutter plates 121 are contacted with the first inner sidewalls
141, and the first edge shutter plates 121 are inactive.

Moreover, in a case that the first fan unit 21 is disabled or
has a breakdown but the second fan unit 22 is enabled to drive
the airflow, the airflow channel 13 of the first backflow pre-
vention unit 10A is closed due to the gravity forces of the
second edge shutter plate 122 and the plural intermediate
shutter plates 123. Under this circumstance, the first edge
shutter plate 121 of the first backtflow prevention unit 10A is
considered as a dummy plate. The slab 1212 of the first edge
shutter plate 121 is contacted with the first inner sidewall 141,
and the first edge shutter plates 121 are inactive (see FIG. 4B).
Whereas, the airflow channel 13 of the second backflow pre-
vention unit 10B is opened in response to the airflow pressure
exerted on the second edge shutter plate 122 and the plural
intermediate shutter plate 123. Consequently, the airflow can
be exhausted from the airflow outlet 43 of the casing 4. Under
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this circumstance, the first edge shutter plate 122 of the sec-
ond backflow prevention unit 10B is also considered as a
dummy plate due to that the first extension wall 147 can
prevent the airflow from flowing through the space between
the first edge shutter plate 121 and the first inner sidewall 141.
The slab 1212 of the first edge shutter plate 121 is contacted
with the first inner sidewall 141, and the first edge shutter
plates 121 are inactive (see FIG. 4A).

FIG. 7 is a schematic exploded view illustrating a power
supply apparatus with a fan assembly according to another
embodiment of the present invention. As shown in FIG. 7, the
power supply apparatus 9 comprises a casing 8, a circuit
carrier board 7 and a fan assembly 3. The first fan unit 21 and
the second fan unit 22 of the fan assembly 3 are non-axial-
flow fans (e.g. blowers). The airflow channels of the first
backflow prevention unit 10A and the second backflow pre-
vention unit 10B are respectively aligned with the airflow
outlets of the first fan unit 21 and the second fan unit 22. For
reducing the vibration during operations of the first fan unit
21 and the second fan unit 22, a vibration-absorbing element
82 is arranged between an inner surface 81 of the casing 8 and
the first fan unit 21 and the second fan unit 22 of the fan
assembly 3. The vibration-absorbing element 82 is a sponge
pad or a foam pad. In an embodiment, each of the first fan unit
21 and the second fan unit 22 includes plural perforations
211, 221, plural spacer elements 212, 222 and plural washers
213, 223. The spacer element 212, 222 and the washer 213,
223 are combined and partially installed into a corresponding
perforation 211, 221. The casing 8 includes plural fixing posts
83 extending from the inner surface 81. The plural fixing post
83 can be installed into a corresponding perforation 211, 221
of'the first fan unit 21 and the second fan unit 22 for position-
ing the first fan unit 21 and the second fan unit 22. Moreover,
when an upper casing and a lower casing are assembled to
form the casing 8, the spacer elements 212, 222 and the
washer 213, 223 can be employed to fill up the gap between
the first fan unit 21 and the second fan unit 22 and an inner
surface of the upper casing for locking the first fan unit 21 and
the second fan unit 22 of the fan assembly 3. Therefore, the
first fan unit 21 and the second fan unit 22 are fixed on the
casing 8 by means of spacer elements 212, 222, washers 213,
223 and fixing posts 83. For further reducing the vibration of
the first fan unit 21 and the second fan unit 22, the spacer
elements 212, 222 and the washers 213, 223 are preferably
made of elastic materials.

From the above description, the backflow prevention
device of the present invention is capable of preventing back-
flow when the backflow prevention device stands upright or
upside-down. As a consequence, the flexibility of using the
backflow prevention device and the fan assembly will be
enhanced. Moreover, the backflow prevention device and the
fan assembly of the present invention have simplified con-
figurations and cost-effectiveness. The backflow prevention
device and the fan assembly may be placed in any orientation.
Moreover, since the rotations of the shutter plates are not
hindered by each other and the occurrence of the air gap is
minimized or eliminated, the efficacy of preventing backflow
is enhanced.

While the invention has been described in terms of what is
presently considered to be the most practical and preferred
embodiments, it is to be understood that the invention needs
not be limited to the disclosed embodiment. On the contrary,
it is intended to cover various modifications and similar
arrangements included within the spirit and scope of the
appended claims which are to be accorded with the broadest
interpretation so as to encompass all such modifications and
similar structures.
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What is claimed is:

1. A backflow prevention device, comprising:

at least one backflow prevention unit, said backflow pre-

vention unit comprising:

a frame comprising an airflow channel, a first extension
wall and a second extension wall, wherein said airflow
channel has an inner surface, and said inner surface
comprises a first inner sidewall and a second inner
sidewall, wherein said first inner sidewall and said
second inner sidewall are opposed to each other, and
said first extension wall and said second extension
wall are connected to the side edges of said first inner
sidewall and said second inner sidewall, respectively;
and

a first edge shutter plate, a second edge shutter plate and
plural intermediate shutter plates disposed within said
airflow channel of said frame, wherein said first edge
shutter plate is arranged adjacent to said first inner
sidewall and said first extension wall, said second
edge shutter plate is arranged adjacent to said second
inner sidewall and said second extension wall, and
said plural intermediate shutter plates are arranged
between said first edge shutter plate and said second
edge shutter plate, wherein each of said shutter plates
has a rotating shaft pivotally coupled to said inner
surface and a slab rotatable with respect to an axis of
said rotating shaft, the distance between said rotating
shafts of said first edge shutter plate and a neighboring
intermediate shutter plate is shorter than the distance
between said rotating shafts of every two adjacent
intermediate shutter plates, and the distance between
said rotating shafts of said second edge shutter plate
and a neighboring intermediate shutter plate is shorter
than the distance between said rotating shafts of every
two adjacent intermediate shutter plates,

when said first inner sidewall is disposed over said sec-
ond inner sidewall, said first edge shutter plate and
said plural intermediate shutter plates are configured
to open or close said airflow channel, and said second
extension wall is configured to prevent the airflow
from flowing through a space between said second
edge shutter plate and said second inner sidewall,
wherein when said first edge shutter plate and said
plural intermediate shutter plates are configured to
close said airflow channel, a first acute angle is
formed between said second edge shutter plate and
said neighboring intermediate shutter plate, wherein
said second edge shutter plate contacts said second
inner sidewall, when said second inner sidewall is
disposed over said first inner sidewall, said second
edge shutter plate and said plural intermediate shutter
plates are configured to open or close said airflow
channel, and said first extension wall is configured to
prevent the airflow from flowing through a space
between said first edge shutter plate and said first
inner sidewall, wherein when said second edge shut-
ter plate and said plural intermediate shutter plates are
configured to close said airflow channel, a second
acute angle is formed between said first edge shutter
plate and said neighboring intermediate shutter plate
wherein said first edge shutter plate contacts said first
inner sidewall.

2. The backflow prevention device according to claim 1,
wherein said inner surface of said frame further comprises a
third inner sidewall and a fourth inner sidewall, wherein said
third sidewall is arranged adjacent to said first inner sidewall
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and said second inner sidewall, and said third inner sidewall
and said fourth inner sidewall are opposed to each other.

3. The backflow prevention device according to claim 2,
wherein said rotating shaft of each shutter plate has a first end
and a second end, wherein said first end is pivotally coupled
to said third inner sidewall, and said second end is pivotally
coupled to said fourth inner sidewall.

4. The backflow prevention device according to claim 2,
wherein a first bulge and a second bulge are formed on said
third inner sidewall, a third bulge and a fourth bulge are
formed on said fourth inner sidewall, wherein said first bulge
and said third bulge are arranged adjacent to said first inner
sidewall, and said second bulge and said fourth bulge are
arranged adjacent to said second inner sidewall.

5. The backflow prevention device according to claim 1,
wherein the distance between said rotating shaft of a specified
shutter plate and said rotating shaft of an adjacent shutter
plate is shorter than a width of said slab of said specified
shutter plate.

6. The backflow prevention device according to claim 1,
wherein the distance between said rotating shafts of every two
adjacent intermediate shutter plates is equal.

7. The backflow prevention device according to claim 1,
wherein the structures of said first edge shutter plate, said
second edge shutter plate and said intermediate shutter plates
are substantially identical.

8. The backflow prevention device according to claim 1,
wherein if said first inner sidewall is disposed over said sec-
ond inner sidewall, said airflow channel is opened in response
to an airflow pressure exerted on said first edge shutter plate
and said plural intermediate shutter plates, and said airflow
channel is closed when said airflow pressure exerted on said
first edge shutter plate and said plural intermediate shutter
plates is eliminated.

9. The backflow prevention device according to claim 1,
wherein if said second inner sidewall is disposed over said
first inner sidewall, said airflow channel is opened inresponse
to an airflow pressure exerted on said second edge shutter
plate and said plural intermediate shutter plates, and said
airflow channel is closed when said airflow pressure exerted
on said second edge shutter plate and said plural intermediate
shutter plates is eliminated.

10. The backflow prevention device according to claim 1,
wherein said backflow prevention device comprises a first
backflow prevention unit and a second backflow prevention
unit, which have the same structures and are connected with
each other.

11. The backtlow prevention device according to claim 10,
wherein said first backflow prevention unit and said second
backflow prevention unit are integrally formed.

12. The backtlow prevention device according to claim 10,
wherein said backflow prevention device further comprises a
supporting member, which is arranged between said first
backflow prevention unit and said second backflow preven-
tion unit for supporting and fixing a circuit board.

13. A fan assembly, comprising:

at least one fan unit for driving an airflow and comprising

a fan casing and a blade; and
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a backflow prevention device comprising at least one back-
flow prevention unit, wherein said backflow prevention
unit is aligned with a corresponding fan unit, and com-
prises:

a frame comprising an airflow channel, wherein said
airflow channel has an inner surface, and said inner
surface comprises a first inner sidewall and a second
inner sidewall, wherein said first inner sidewall and
said second inner sidewall are opposed to each other;
and

a first edge shutter plate, a second edge shutter plate and
plural intermediate shutter plates disposed within said
airflow channel of said frame, wherein said first edge
shutter plate is arranged adjacent to said first inner
sidewall, said second edge shutter plate is arranged
adjacent to said second inner sidewall, and said plural
intermediate shutter plates are arranged between said
first edge shutter plate and said second edge shutter
plate, wherein each of said shutter plates has a rotating
shaft pivotally coupled to said inner surface and a slab
rotatable with respect to an axis of said rotating shaft,
the distance between said rotating shafts of said first
edge shutter plate and a neighboring intermediate
shutter plate is shorter than the distance between said
rotating shafts of every two adjacent intermediate
shutter plates, and the distance between said rotating
shafts of said second edge shutter plate and a neigh-
boring intermediate shutter plate is shorter than the
distance between said rotating shafts of every two
adjacent intermediate shutter plates,

when said backflow prevention unit is placed in a first
orientation, said first edge shutter plate and said plural
intermediate shutter plates are configured to open or
close said airflow channel, and said second edge shutter
plate is inactive, wherein when said first edge shutter
plate and said plural intermediate shutter plates are con-
figured to close said airflow channel, a first acute angle is
formed between said second edge shutter plate and said
neighboring intermediate shutter plate, wherein said
second edge shutter plate contacts said second inner
sidewall, when said backflow prevention unit is placed
in a second orientation reverse to said first orientation,
said second edge shutter plate and said plural interme-
diate shutter plates are configured to open or close said
airflow channel, and said first edge shutter plate is inac-
tive, wherein when said second edge shutter plate and
said plural intermediate shutter plates are configured to
close said airflow channel, a second acute angle is
formed between said first edge shutter plate and said
neighboring intermediate shutter plate wherein said first
edge shutter plate contacts said first inner sidewall.

14. The fan assembly according to claim 13, wherein said

fan unit is an axial-flow fan or a blower.

15. The fan assembly according to claim 13, wherein said
fan assembly is installed within a casing of a power supply
apparatus, and said power supply apparatus comprises a
vibration-absorbing element arranged between said fan
assembly and an inner surface of said casing.
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